

















Gas-Petrochemical	 (OGP)	 sector	 using	 SNA.	 The	method’s	 capacity	 to	 identify	 and	 rank	 delay	 causes,	



















Soon	 (2007);	Gill	 (2008);	Braimah	and	Ndekugri	 (2008);	 Sweis	et	 al.	 (2008);	Dey	 (2012);	 Yau	and	Yang	
(2012);	Yang	and	Kao	 (2012);	Doloi	et	al.	 (2012);	Fallahnejad	 (2013);	Amoatey	et	al.	 (2015);	 Joslin	and	
Müller	 (2016)).	 According	 to	 Gunasekaran	 and	 Ngai,	 (2012)	 attending	 these	 aspects	 of	 project	
management	are	becoming	 increasingly	 important	 to	 the	production	planning	and	 control	 function	 in	
operations	management,	
Construction	 projects	 are	 vital	 to	 many	 industries,	 including	 energy,	 water	 resources	
development,	communication,	architecture,	public	health,	and	Oil,	Gas	and	Petrochemical	(OGP)	(Gardezi	
et	al.,	2014).	Other	sectors	and	industries	are	also	indirectly	affected	by	the	performance	of	construction	
projects,	 which	 signify	 the	 prominent	 role	 of	 such	 projects	 in	 national	 economies.	 As	 such,	 delays	 in	
construction	projects	can	pose	a	critical	threat	to	the	success	of	national	infrastructural	plans.		
Studies	have	shown	that	even	with	today’s	advances	 in	technology,	management	systems	and	










designs,	 involving	 processes	 and	 methods	 which	 are	 more	 likely	 to	 be	 affected	 by	 unprecedented	
circumstances.		
One	of	the	most	important	fields	involving	extensive	construction	projects	is	the	OGP	industry.	







analysis	 of	 complex	 projects	 in	 complex	 environments	 (Farrow,	 2007;	 Yang	 and	 Kao,	 2012).	 Complex	
projects	like	large	construction	projects,	particularly	in	the	OGP	sector,	involve	various	stakeholders	and	


















































Pattanakitchamroon	 (2006)	 introduced	 four	methods	 for	delay	analysis	 in	 construction	projects	as	 “as	
planned	vs.	as-built	schedule	analysis	method”,	“impact	as-planned	schedule	analysis	method”	“collapsed	



























































and	high-risk,	but	also	subject	 to	pressure	 from	different	 stakeholders,	which	exacerbates	complexity.	
Jergeas	 (2008)	assessed	the	time	and	cost	overruns	 in	 three	mega	oil	 sands	projects	 in	Canada	over	a	




than	 in	 construction	 or	 control	 phases.	 This	 author	 presented	 some	 failure	 factors	 including	 “project	
planning,	quality	assurance,	testing,	configuration	management,	and	development	process”.	Thuyet	et	al.	















(2)	 Contractor-related	 causes,	 (3)	 Consultant-related	 causes,	 (4)	 Material-related	 causes,	 (5)	
Labour/equipment	related	causes,	 (6)	Contract-related	causes,	 (7)	Contract	relationship-related	causes	
and	(8)	External	causes.		












This	 research	 aims	 to	 extend	 our	 knowledge	 of	 project	 delay	management,	 where	 the	 planning	 and	
control	dimension	of	projects	and	their	operations	management	play	a	key	role.	This	research	addresses	
a	gap	in	the	literature	by	identifying	both	the	causal	factors	and	their	mutual	effects	on	each	other.	This	
will	be	 important	 for	presenting	a	more	accurate	view	of	 the	 factors	and	 the	way	 the	 factors	may	be	
prioritised.	 This	will	 assist	 in	 developing	methods	 for	 dealing	with	 delays	 and	 their	 causes	 in	 a	more	
effective	 way.	 By	 mapping	 the	 effects	 of	 each	 delay	 factor	 on	 the	 other,	 the	 main	 causes	 may	 be	
highlighted,	and	those	which	must	be	prioritized	clarified.	
This	research	adopted	SNA	to	address	this	critical	void,	as	the	following	section	explains.	To	examine	
this	 approach,	 it	 was	 imperative	 to	 provide	 a	 suitable	 field	 of	 study.	 Suitability	 in	 this	 study	 entails	






main	 methods	 include	 global	 impact,	 as-planned,	 impacted	 as-planned,	 net	 impact,	 time	 impact,	
collapsing,	 isolated	 delay	 type,	 snapshot	 and	 window	 analysis,	 and	 SEM	 (Kao	 and	 Yang,	 2009).	 As	
reiterated	by	Yang	and	Ou	(2008)	finding	the	causes	of	delay,	which	affect	project’s	critical	paths	and	their	
completion,	 is	 a	 key	 aspect	 in	 such	methods.	While	most	 known	methods	have	paid	 attention	 to	 the	
causes	of	delay,	the	methods	have	been	criticised	for	their	ability	to	identify	critical	path	changes	and	deal	







SNA	 as	 the	 alternative	 to	 existing	 methods	 is	 found	 to	 be	 a	 useful	 approach	 for	 addressing	










et	 al.,	 2011).	 The	 concept	 of	 semantic	 networks	was	 first	 introduced	 by	Quillian	 (1968).	 The	method	
established	 a	 foundation	 for	 knowledge	 modelling	 and	 representation	 (Helbig,	 2006),	 which	 was	











groups	 or	 Delphi.	 Information	 and	 ideas	 are	 collected	 through	 interviews	 with	 informants,	 who	 are	






































intrinsically	complex	 in	structure,	and	are	 therefore	difficult	 to	access	conceptually(Easton,	2010).	The	
inherent	flexibility	of	the	case	study	method	suits	the	study	of	such	complex	and	evolving	interactions	in	













Prior	 studies	 have	 reported	 significant	 delays	 in	 Iranian	 petrochemical	 construction	 projects.	
According	to	IMO	(2013),	the	average	delays	in	the	Iranian	petrochemical	construction	projects	were	500,	
470	 and	 357	 days	 in	 2010,	 2011	 and	 2012	 respectively.	 Based	 on	 a	 review	 of	 the	 Iranian	 Industrial	
Management	Organisation’s	reports	on	delays	in	petrochemical	construction	projects	(IMO,	2013),	three	
petrochemical	construction	projects	with	the	longest	delays	in	2012-2013	were	selected	for	the	case	study	
in	 the	 research.	The	 initial	 study	of	 the	 cases	 included	an	analysis	of	 the	 industry	 types	and	delays	 in	
various	firms	within	the	sector.	26	construction	contractors	in	these	projects	were	identified	and	selected	
for	data	collection.	These	firms	comprehensively	represent	the	industry	considering	the	scope	and	size	of	




analytically	 challenging,	 as	 the	 team	 tends	 to	 deal	 with	 and	 combine	 three	 levels	 of	 data,	 including	
individual,	group,	and	group	interactions	(Onwuegbuzie	et	al.,	2009).	According	to	Zarei	et	al.	(2014)	the	
optimal	size	of	a	focus	group	is	between	six	and	eight	participants.	
The	 aim	 of	 the	 focus	 group	 panels	 was	 primarily	 to	 seek	 agreements	 among	 the	 members	 of	 the	
discussion.	This	was	achieved	by	focusing	on	and	recording	the	disagreements	between	the	members.	For	
selecting	the	expert	panel,	 the	research	team	requested	formally	 from	CEOs	of	26	firms	 in	the	 Iranian	
Petrochemical	 industry	 to	 introduce	one	of	 their	experts	with	 ten	or	more	years	of	 job	experience	 to	
represent	 them.	 As	 the	 result,	 the	 expert	 panel	 was	 a	 representation	 of	 26	 firms	 in	 the	 Iranian	
Petrochemical	 industry,	 who	 were	 recruited	 to	 the	 research	 process	 following	 their	 agreement	 to	
 11	
participate	 in	the	study.	Most	of	the	firms	approached	 in	the	study	were	very	keen	to	 learn	why	their	
projects	face	delays	so	that	the	company	can	better	handle	them.	
Following	 initial	 meetings	 to	 explain	 the	 objectives	 and	 approach	 to	 the	 study,	 focus	 group	
sessions	were	planned	and	conducted.	Each	session	included	at	least	eight	experts	to	discuss	causes	of	
project	 delay	 and	 break	 down	 contributing	 factors	 in	 detail.	 In	 total,	 21	 sessions	were	 held	with	 the	
participants	 in	 the	 identification	phase.	 The	 sessions	 took	2	 to	3	hours	each,	which	were	 chaired	and	
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The focus groups 

































































































































lags	 between	 the	 changes	 announced	 by	 EP”	 (factor	 9).	 Figure	 3,	 drawn	 using	 Edraw	 7.9	 software,	





to	as	external	 relationships.	With	15	direct	effects	 from	A	on	B,	33	 from	A	on	C	and	53	 from	A	on	D,	






















D*	 ID**	 D	 ID	 D	 ID	 D	 ID	
A	 101	 172	 0	 0	 6	 15	 35	 -	 -	 -	
B	 2	 11	 15	 0	 -	 -	 -	 -	 -	 -	
C	 64	 0	 35	 3	 6	 10	 0	 10	 6	 6	











(C-2)”	 and	 “Time	 consuming	 process	 of	 reviewing	 and	 confirming	 suggestions	 and	 plans	 by	 EP	 in	 the	
control	process	(D-2)”.		
Group	A	 Frequency	 Group	B	 Frequency	 Group	C	 Frequency	 Group	D	 Frequency	
A-1	 12	 B-1	 12	 C-1	 13	 D-1	 12	
A-2	 13	 B-2	 13	 C-2	 15	 D-2	 15	
A-3	 11	 B-3	 11	 C-3	 10	 D-3	 10	
A-4	 15	 B-4	 14	 C-4	 9	 D-4	 9	
A-5	 10	 B-5	 10	 C-5	 12	 D-5	 7	
A-6	 11	 B-6	 9	 C-6	 13	 D-6	 14	
A-7	 14	 B-7	 8	 C-7	 11	 D-7	 10	
A-8	 10	 B-8	 14	 C-8	 14	 D-8	 11	
A-9	 9	 B-9	 13	 C-9	 13	 D-9	 12	
A-10	 12	 	 	 C-10	 12	 D-10	 11	
A-11	 12	 	 	 C-11	 12	 D-11	 11	
	 	 	 	 C-12	 11	 D-12	 10	
	 	 	 	 C-13	 13	 D-13	 12	
	 	 	 	 C-14	 9	 D-14	 10	
	 	 	 	 C-15	 8	 D-15	 14	
	 	 	 	 C-16	 9	 D-16	 13	




The	most	 recurring	 issue	 in	 the	 construction	 industry	 is	 delay	 (Tumi,	 Omran,	 and	 Pakir,	 2009;	 Doloi,	




in	 many	 economies	 (Fallahnejad,	 2013;	 Farboudmanesh	 et	 al.,	 2013;	 Salazar-Aramayo	 et	 al.,	 2013;	
Ruqaishi	 and	 Bashir,	 2015),	 and	 is	 shaped	 largely	 of	 construction	 projects	with	 intensive	 investments	
(Castillo	and	Dorao,	2013).	With	delay	being	the	main	factor	affecting	the	production	planning	and	control	
dimension	of	operations	(Gunasekaran	and	Ngai,	2012),	its	management	is	therefore	critical	to	this	sector	




The	 study	 uncovers	 some	 limitations	 of	 existing	 project	 delay	 analysis	models,	 especially	 the	
models	which	are	modified	for	OGP	projects,	such	as	those	developed	by	Thuyet	et	al.	 (2007),	Jergeas	
(2008),	Jergeas	and	Ruwanpura	(2010),	Dey	(2012),	and	Fallahnejad	(2013).	As	argued	in	the	paper,	these	
methods	 are	 not	 found	 to	 satisfy	 the	 requirements	 for	managing	 complex	 projects	 in	 large	 business	
environments	(Kao	and	Yang,	2009;	Yang	and	Kao,	2012).	Furthermore,	a	key	gap	identified	in	the	extant	
studies	is	that	researchers	while	have	attempted	identify	the	causes	of	delay,	but	mostly	have	neglected	









from	 a	 range	 of	 key	 issues	 including	 technical,	 financial,	 economic,	 political	 and	 organisational	 risks,	
alongside	being	sensitive	and	prone	to	natural	hazards.	As	suggested	by	Dey	(2012),	such	risks	will	cause	
delay.	The	delay	causes	were	identified	in	this	study	at	two	levels,	which	are	generally	consistent	with	the	
















































identify	 and	 rank	 delay	 causes	 can	 assist	managers	 in	 selecting	 appropriate	measures	 for	 eliminating	







(2012))	 further	 by	 applying	 an	 analysis	 method	 which	 is	 used	 in	 social	 and	 technological	 fields.	 The	
successful	outcome	of	this	method	in	analysing	project	delays	and	their	causes	showed	that	research	in	
project	 management	 can	 be	 further	 enriched	 and	 extended	 through	 introducing	 interdisciplinary	
approaches.		
In	 addition,	 the	 suggested	method	 (SNA)	 can	be	 a	 starting	point	 for	 using	Artificial	 Intelligence	 in	
project	delay	management	and	could	lead	to	new	tools	for	project	management.	Application	of	SNA	in	
this	 study	 opens	 the	way	 for	 the	 application	 of	 the	method	 in	 the	 study	 of	 other	 aspects	 of	 project	
management,	particularly	in	complex	environments.	The	proposed	methodology	and	the	findings	can	be	
applied	 in	 similar	 project	 environments	 in	 order	 to	 explore	 delay	 dynamics,	 and	 develop	 tactics	 for	
improving	the	effectiveness	and	efficiency	of	construction	projects.	The	paper	successfully	bridges	the	
gap	 between	 theory	 and	 practice,	 which	 will	 benefit	 practitioners	 and	 managers	 who	 seek	 to	 more	
effectively	manage	their	projects.	These	findings	could	be	used	as	a	useful	roadmap	for	identifying	and	
removing	delay	causes	at	different	levels	of	construction	projects	in	the	petrochemical	industry.	Managers	
can	apply	the	findings	here	 in	developing	better	strategies	 for	handling	construction	project	delays.	 In	
 22	
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